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-5. 

[#js£] HC**£:S 1 0 £ «gij<@ leg: 6 nfc^ffcS 1 
31:/XJH2 *« W\ JKtttttt* yXJH2 *v fc^Mfc 

4KJ:DloJKkLTaMlsU 5 lei 

8 ±TR*ttU»TCVDifefc J: 

-s^ig*^ -see. 




8 Si 

9 EjBffxHair 



12 ;xa 
is suts 
M tamest 



( 2 ) 

1 

ft 2> &#H**ffl c v d ga. 

ft©© j X)\si$£T*mzmitt< ntzmnmi&.&m.it'rz 
[§s*)S3] ^b§§*<. yx^swrnb-cgubbft 

<fc b ftll**}tf*i©fftn»::;*t 1/ TSB * ft tefllBS £ Bfrtf 5 
J; 5 ft&ST^tt e>nft l #iifttt 2 *fcW-t©^b«£ 
}lrbTft.5fit:fcJSl£ft«2f2*©CVDgB. 

ajb^SWbTftSiSjfcSl, 2£ftH:3S2*©CVD 
SIB. 20 

b T ft 3 St 4 IE*© C V D gB. 

* M^bfl 3 * ft « 4 12*© C V D SB. 
[§ft#JR7] 

«2«»»tt36»6»fl2»^«»r*fc»©*A**#bT 
ft *»*S 1 12*© C VDgf. 

©»*l*M&*»**bTft*BI*K7C*©CVD« 
B. 

f*»»*^r*-r*»T?««*nTft*w*qii. 2, 

3. 4£fc«7i2*©CVDgfi. 

U 3J * ft H«7cJW*» 6 ft * i§#* 9 1 2*© c V D g 40 

B. 

1] t3i2^{b§g©rtH®*5<fctf (*fttt) 

SSnTft*BI*flll. 2, 3. 4£ftte7f2*©CV 

IBI*B12] «ME*fl3«©rtaEffi3&*. IHl[£btK©®£ 
WbTft*B!*Jil, 2, 3. 4, 7, 9£fcttll1B 
*©CVDgB. 



^^¥6 - 3 1 0 4 4 4 
2 

nTftS8S*Sl, 2, 3, 4, 7, 9, ll^fcHl 
2f2*©CVDgB. 

[StJfcJS l 4 ] gMBSMbS&mCM&K 1 f2*©H** 

nTft^>8t*JSl> 2, 3, 5, 7, 9, 11, 12S 
fttel 3f2*©CVDgB. 

511, 2, 3, 4, 7, 9, 11, 12, 13SftBl 
4SE*©CVDgfi. 

[S89i©i*fiHftiil9f] 

[0 0 0 1] 

«>J -ft 2©»«#»K*»j«T*K©ft»St*ii« 
(CVD) *£K:«fc-58ljSgfifcirrs. «T; 

ig«&BSCVDgfi£V>5. 
[0002] S & fc» b < tew«8&sfb-§-#i b ft 

#*»«l*fflV»T«Bt*»ri6f*CVD(6«KH-r*.. 
[0 0 0 3] 

tSy^^^ATi'tX^t'J- (DRAM) Ttt, 
xA-r*©»£{fc, fi3XMtftf»l 
W© ft » 3 *m tc tf ? h fkifi 4 ft £ v> 3 sftjftft'^-^ 
T*«{b*titA,-e#ft. bd^b, V»)9»K«MME*«rtI±b 
Tfc, DRAM©i^Tafe5*f/V>^lt j^Sfi' 
Ot*SfiWt« ft * K-* ©*&« * *> ft*afc£ft S> ft 

v>. ^©ftje>, *wv>**m©«p**<-r*jMM« 

[0 0 0 4] c©J:3ft*t;v>^ltffH:B*sn* 

-5. -Tftto*, *il«*o»»*fflv»*lHDfc*v»T 

*B*«*-6. fctJltt, SlfBS»ftl8%BgtbT«. - 
ASWICS i 0,^SgPT?lnm^T^«t^l.65VffHDl^ 
© U — 2 mmm& t bTlO" ' Vcm' y-^T^M * 
bV^^tXTV^. Sft, gS^©*«)DRAM©^rYA 
->^fflm^±«cSlg<!:bT^fi!cT-5>ft©»C«, ^g?lft^ 
#©«M*^©tt#ffi9«a<&#ft, -Tftfc^*g$lft^« 
tt's t>J%— -5 C V D ffi tc«fc -5fi£JK© nJtgft C 

^, Kfb^>^;p, ^^>»s?JU3>»» (pzt) . 

^^>Kv ? ;U3>^7>^>IB (PLZT) . ^^>SE 



( 

3 

m&-rz>itit>\z&mim&*>mfti<nT^2>w. cvd 
r. m&cvDmmimiVT&iz-c 

-s?dr h>3&©s?tf/tD-f ;m^> (dpm) {b-S-^i© 

iQ8HC=k*f5Wb4$tta<&$refcV>;i t ICi* fcOTJ& 

t»im**#^ 9 a - p - 1 1 tt E-cm&is nx* r> . 

[0 0 0 5] -tftfct>a»jSf»fc&-*\ fct*.tt*^5 2 

ffl^a^^atiia^^ «fmstiR#^ 9a-p-6ic& 

?&!!**©*££&©*:#, »Bfctt*v»lcttJK»*« 
V^T K LTJfcRtfSf* Sr V>t V> -5 t> * b T V> 

[0 0 0 6] H©J:3fctt«rFfc*Vvr» *%Kf5o 

VDH**£jf?gb£: (#i¥4-2 5 28 3 6) . bfr 

WttJg CVDgt Cffl HTSfSttBH©^® * 
b%>Afffc|g*#*6nfcV»Eta f Si'-3fc. 
[0 0 0 7] @16lt «**&©*fc-HRWfc«<MK 
»fflCVD^e©«fBS&*-r«I^HT?*S. d©.i:5fr 
g@©i**ffltt, fefc&tffls^xgtttL CVDA>H7 
•^2 2 6, 2 2 71 (1 9 9 1*P, §H#»0fgfr) fc 
iffcE«*nTV>*. H15C«V>T, lttT;U=f>ft 

'J 2tt*f'J7-^il& 
8ft. 3 «JS^iB*^fl2« (A^5-) 4ttin*&#S. 
sttmufJ7.mm.rn. eraunnwR, 7tts/&*p, 8 a 

a. 

[0 0 0 8] 

[W»ftl/i5ttl>SI] ■ b**U DPMftf© 
<StJ&{b-§-^ (KTD PM&fOfi h>«ft^i© 

isx/7-h^». t^o) ©w«a 

fflCVDSfKfflHfcti*K fgtt£8ft$fe£Ubftft 3 KiS 

^»&n*s»;tf;*©«*a«jeft;u iwaricoss* 



3 ) #S§¥6 - 3 1 0 4 4 4 

4 

U *+/V>*JB8i«#Jg|tbT©y- 

s»i»«*»fl3« 3 <Dmvs&£zf®nj}xmmw 5 ©1*1 

BSlca*OWffl«««5fe*bfc0, fl»©tt*V»Ktt8t* 

[0009] *jsfi®ina. wiuft*<D&#mnmc 

10 VD8ii:*5V»T, £<KISt»tbT**£JPMb'fr«© 

***3Wittt*M v> * «a v> k £ tt * & 

*tc^:$tifc%>©T?*0> S^«*©^ft:*«i:^^«f 

{b?*S©*8Uk?*-5£tfc«k:3-r\ Slfl2« J Mft2l«F»i© 

&ll&©A#fc»JI$t£/Sire£* c vDg@£}g«-f s c 
tic**. 

[0 0 10] 

20 »*Ftt**n*fc»©K»«B, 

vDgeicH-r*. 

[ooii] *^ocvDgfttifc, ftrffia-fbs^ 

30 £ArabTfc-g>;itrt*#*bV>. 

[0 0 12] #J6BOCVDStli4fc. *Mb»*«, ^ 

*^©*KJfc>f»K, MC»bb&lK»**©*ttK**b 

tii s fcttfltESSBfrtf * «t 5 &&an?ts:tt snfc 1 «t 

* fc tt 2 «C £l-k©*l<b« & * b T fc -5 C t £ b V». 

[0013] *^c9CVDgfiiSfc, mtm<XQf& 
snfc+t u -\r-^7.»>c^aibi : *wbT^* c taw 

[0014] *%Bg©cvD^Btt^fc, tasEfti^^n 

mr-sfc*© y XJv<DAta-v j X)v& b 
fcJSW**«KiAi3^"5TBBPbT!ft*c:t*«ff*bv». 

[0 0 15] *^OCVDgf«$fc, toisjn^sn 
fc*t'Jir-WWIBl/W«. fHHE$Mb»rtBHB*J: 

[0 0 16] *J8B©CVD8ttt*fc, WBEtMb-T* 

50 J&-r-5fc8e>©«A , lf*WbT^:*^t^« : * bV>. 
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[0 0 17] #fS9J©CVDgete3ifc> MGBRflFS 

[0018] *^iocvDgiUifc, §tfb§§©rtg 

[0 0 19] *^OCVDgfli$fc. ttlSfi-a-*^ 

[0 0 2 0] ^ICCVDgiatfc. WtEJRfl:*© 10 

[0 0 2 1] *%i©CVDge«tfc, ttCJMMI© 
ftSLMW. Bfli!!itt©ffi*#l/T»:*i:i:*«»*l/V». 
[0 0 2 2] *»9i©CVD»«tt*fc, fME$Mb«*» 

[0 0 2 3] *58«©CVDBl«*fc', iWrtE$Mb«£ 

WKii**ii2«©jg»^tt3i«t©ra»r«aa?L*w 20 
[0024] *^ocvDgfiiSfc, iitlftttb«© 

[0 0 2 5] 

«nfc©-6»ft«rtTrsMbsn. ft-&}g«©iic**;*f7. 
M6n. RjSjprt"rcvDftKi*JSK3te«ii*5* 
jit*»Tre-6. 30 

[0 0 2 6] *jB9i©CVD£Bfc*V>T. ;X 

«±©*R©«^*#r**fls»*fllv>*£» 

[0 0 2 7] #»Ji©CVD8«K*V>T, JK9t 

fflv»«t. yx;i>*&*ffir*«{tLfcjiitt©«fcMtt 

[0 0 2 8] *«WOCVD81K*V»T, 

[0 0 2 9] ^©CVDgfiSfflVJ'St, * 50 
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[0 0 3 0] Sfc, *JM3CDCVD«Bft«V»6i, ffi 

[0031] **w©cvd««ic*v»t, me 

•6. 

[0 0 3 2] *^«OCVDgfi:t3^T, me 

£Wb&©rtSBSJi^ Gfli!btt©iB*»rtLTy»*$Mb»* 
ffl V»ft £*SMt©fS{fc LfcIR»*ra©tt*iH«*«** < 

[0 0 3 3] *»W©CVD««»C*V»T, AB 

©joiMBfcJ!&*-f z. ii \z£^>Tmf&-?z>M 



[0 0 3 4] *8WOCVDMC*V»T, ItG 

%>©*fflV»-5trt8B©pJ«fl:*«nMBt«:0, *>t-±> 
[0 0 3 5] *«W©CVD*«IC*V>T, Mffi 

aft»ti»flB«»^»a*t©nic««JL*«T*7 
«a»*35tii.*»R*^ss6n*©*Kr±Tr*, £&*?© 

[0 0 3 6] *%^©CVD^e»C^ViT, ^® 

«tt©«v»rtHEiSft*"r*WC»fl2«*«v»*fc*«ft; 
[0 0 3 7] 

h 5? t? a* d -r ; 1/ * * * - > & H c v d ft \z «k « ffflt » 

jsk&jh a n*fls^«©«**«i*tt*fWB"r * 
[0038] fs.{bm<Ditn\z\tt<\zmmti3.\,*i>*, m 

g»©J:^«»**»Sb<fflV»6n*. 

©»*#****— fci/*-*-^ $—&»*©«»#;** 

[0 0 3 9] ftft;«©rt«**«*ft#*&tts 



( 5 ) 



i C, BeO, AlNSi:Oifiitt©J:V*^6 
Wft ? 5 v 2 &K&X$LW.hXh «fc V>. 

[0040] mw.<ommz^x. m.<tjjm&£zf rn.it 
m&$>\fxBtm-rz>. 

[oo4i] mmmi] muz. *»cvdsi 

^•r^*© c v D£iw®i8.mz&\fz> © t m-x$> 
lotimnem* 1 1 \zm»m^m. i2\z;X)i. 

i3«^bS. l 4 ^^©im&t-:* 0 10 
i fc*v>T/sw£» io\z lmv frizz tiT^&^w. 
mnmmm&(og,7tf&ft&(o &$> wz aamm t> $ 

©££#!;:*£; Ufc»&lc&-6 i; -5 Jen > h n-jusns. 

[0 0 4 2] &7Cl&ft%:X'$>-?T'h&*>frClb1& 
f£tfc£ffigbTi5£, BlOiSfcloOllTOSSTJS 

[0 0 4 3] d<D«tp»C^$nfcCVDgfifC^V^T 

rawcs i o Qvm&mffitimmfttom'g 2 3* 

umz^-ox^it^i 3\zmo&£.nz>. zwteuz. & 
3*> irstmsn. nnstfts. mzyXMt. <&mvit 

©a*a£bu. 

[0 0 4 4] /XJl^£.©^lC£oTII^&««*<) 

nfcjm^ei 4fet^.«*^it-^-A^e.©^tci;-p 30 
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x^itsns. HC**©i£*«^flS&. «£*©ggt^ 
\zmttX7.Wlxk'g 5 M^Tb-^-fi: 6 
fcWtSKJfc^KSIOi&Sn. ££#7.ll2i§9a>e> 
SI0ii*tlfcSf& (B£{l2) #7.£:K&bT¥gfl^XA 

[0 0 4 5] [^0111] ltrf2©J;5^^©*^© 
CVDgraut, ^^>K7. hn^>i7A^S!{t;^ 
«#flrr?&-5 S r T i O, S:K{k-7y^>"^ASS±iC 
J&j&bfc. fcfc*b, «»*§ttt-7c£U Ul^JP^ib 
T«, S r tT i OJtWt ht- hOf h5k K 

^\z/ xjvfr^mmz witz ittz. z\<Dt%, %it 
§§©iastt2io , ciri9:^bfc. ^ftggwc^bbfcs:^ 

8Torr, *«iaS700*CT 1 0 ^WS^b«6?»nfc. 

5, «W»60iii©BMb«I«f***t*«iL6nfc. X«S@St 
lc«k0^*«i©iaieHtS»!^ M**J:zmMIEl. 

65ve]jn^f©u-i7«at^&ii!i^bfc. j t<Dm%zZi& 
i »r*-r. 

[0 0 4 6] [tfc&HU£0J 1 ] me tn-oj»»««* 
«fctf-&f£3!#£fflvv Hi 6lcjS-r«fc5fr*3lj£©t£*© 

zz.it. z.<omiz-=>^Thmmiz, mn^^ammm 

[0 0 4 7] 

[*i] 







5? 

(nm) 




(A/cm 2 ) 


1 


a M 


0.82 


230 


1.2 x 10" 8 


1 


a IS 


0.90 


210 


2.8 x 10-7 



Sld^^^^/SipJc, *^©^eJcJ;ti«tl£*© 
£M£^fctfM>J:0&tefi©&#ft&m#8l8l£C 40 

mzzzmtit^zt. v-zmmz i«f^±/h$<«i 

»tfciu5, *&w<7>&m\z&z>mizit!&nmt3.z> 
mz*)-2nm®&£ttzu\z^z\z&%tv¥. n 

^ i <Dm\znhx^n\z^mz<b-^^frM.^txrz. 
[0 0 4 8] &m'&, mm&imvxmnjsxmmmfii so 



<D$L&®ifi&m.\zttm\sX\<vt<D\z*i\^ *&m<Dmm 
-ea z. titm t: k, n& 6 n& v>c: t £«i§8 b fc. 

[0 0 4 9] [^56012] @2H*^OCVDgf© 
to©H»0fl®jf:-r£g;l8J£0T<&5. H2 K1*5V>T 1 , 
2*5«fctf 5~9te01 6 \Z7F-r$t&<DCV D&M ffif&m 

KUstt-BOfcH— t**. ioi2iicft£& i5«fg»J 
§gi o«ifib^i2$nxv^vi*t, fimis^njk 

gij-g-ir^^i; o ten > h n— j^ns. 
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[0050] Sfc, &7tf8.ft&-v&-2Xh2t>*>frCtt>ia. 

[0 0 5 1] £©£3II#j£$ftfcCVD£eK:*5V>T 

jk«*«i» i o ^(Dmnmmm^&mtm 1 6 \z*. 
^xmrnzttK), fcH&«£tt**y 2 

fr*><D*<r V J r-jJZ\Z£-oTmit1RMnWim'g 5 a£ 
ffibT^UbSgl 3Kl2!0i&2;ft£. £©&K, M^Si 

* o»«ok»jmc*»«»» w tc^^-r -5 © * R ihf s fc 

l0ttll»tS. fc***«J UTttTJU:* 
MftflSStl* 0 1 ©«««J«©«*V»tlPI*KR*SiP7 

ft*. 

[0 0 5 2] [*S&0tJ2] JR»JR«*H7c£ U WKC 
VDSBSMViTPb, Z r43«ktfT i ©St&#£tli$& 
JK»£LT=7C«ft«*«i«#©J«Stt*fc. MIB3 20 
OH'©? tf/Sn-f )\>*9*— h S^-ft^ft^ h 5 1 H p 
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Lft*<$^t8g^MD&A/fc\ £©&©, 5^fflJC2nil 
©f"J£-l?Jg3J*tif&&^ >y*ffl ViT-r h7tFD7 

flEtt20ffCK«l£U (*t'J7) ^^UTtt7 

)l>3>Zm^tto S«tUT«, gSflSV^*->?A£ffl 

&©fi&flg€:fTofc. J£j£bfcBI©BIJ¥tellOni]re&o 
fc. *&ft^fc^V»TMfcm©«*V»£H*fcfll* 

[0 0 5 3] [i£&§6ifc0l 2 ] Hg-©IiC*W*t£GM 

#J&©J5fe8££*i6l,fc. *^©gS«r^Vifc«*V^ 

BW*J:iXtt«W«*fft>fc; £ft £©*§*£* 2 ft* 

[0 0 5 4] 
[3g2] 





BBfSltt 


(nm) 




(A/cm 2 ) 




c $4 


1.00 


420 


6.0 x 10~ 9 


2 


c 14 


1.10 


380 


1.0 x 10" 7 



t. "J-iMM**i/i OttTtahaKJM.fcUfcJ&rc 
#fc. *fc, -5-ft-eftttllEtra— ©»j**frT»ll/T 
l O0©/£Bg£3SJ6U ^ioBItti:^^Ti«Lfc 
#$Mi©CVD»llZJ:*JWSIfc»«*fcStf 
icy *>**fc«6^*fcUl&ftT, 
tt*«WfT*«©C«l/T, |E*©CVD»tlCJ:*JK 
tttfc3jf«3S, y 2 ©«KS*UT#* 40 
fc*#fc«6'3#* f J!.&ftfc. 

[0055] ifc, *M«iio«*v»tra«»*. *»« 
«e*©cvDse-c«Pcfi«[«©^®»* t # 

fiCtt»LTV»fc©K*fU *^^©^g-c«c:ftd<« 

tA^ji.s.ftftA^fc. 

[0 0 5 6] [HJS053] 03li*»01OCVD 
0T?i&5, 5~1 4M1 <h|IH£©fc©T$>£. &$%m 

izfrfrt>z>n.<k&pimm*wmv#ft* m^^m±-r^> so 



S-&fijh«l***-r**Wi 1 9lC«k^>Ttfc?g$ftTV> 

[0057] a 5 \%mzwmm 19 £iattfcg{b#i©w 

S©^B**-rST«>-5. Hfc*V>TSWb«©«Sl*iffl 
1 9*««»t6ftTV»*. 

[0 0 5 8] WEa-frfilk#»iUTtt&JBHfrfc£*.K 

«. ;io=--?a, *;*3i>A!&:£©*a*fctt« 

■fcfr'JtfA, Jfc&:hhy*Afc£Sfcttg^Syfc£:*.« 
BBW-hUW, 8K&|gl#, 8tfbSil*Xfc£a<ffl 
v^ft*. 

[0 0 5 9] iftBJi 1 9 «ttrf2S-S-fi±^J*->U a-> 
ttCfcoTSttSft*. 

[0060] mzftmizttm-rzSifiLmtmnit-ery)* 

^^©S^^ffl^^^^Tfe^^tt^S^fcti 

ic «t t> TiEKi ^ ft * © t it ^ $ ft t v . 
flefflr*«^EihMttf»fBtttt*«*ttft;tt»«K:f^ffl 
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jjVf fc©<h#x.£tt5. 

to o 6 i] z.<D&?u&.wm*m-$'z>n.K,mt&.n<D 

[0 0 6 2] ft*, 80ffitt«H*S^*f^liil^©rtg 

[0 0 6 3] [II&M3] ^fS©«fc?ft#tf£©CVDg 10 
>^^A^^b#)SI*^Jg-e&-5S r T i O, Zfcmis 
SrtTi <DT-t^)VT± hJ— h ft-f-ft*n*«IJtJW 

SAtt210'CK:»»£U £j£#7.t4&iii, S^^rtffi* 20 
f48Torr. StEfidfttTOffC lCftftl/T 1 0£-m&j&e 
ff o fc. C ©IS S&tt b T 3 0 EUR D jg b It. 
[0 0 6 4] i£&©fc«£>, *MEa:H-©J»B*«*J:tf 

M£llkMlCJBV>fc©&mi;cVDtt*CJ:0. W— « 
j£©8fc«)Jf*gf«#lll©^£*f8W©Se*ffl V>fctf 

*v»tra«uc. tti*3 oiaijsiojgbfc. 

[0 0 6 5] BS«^ffLTMm^MS*A 

c v d ge-era afia«©&«««t#nifc#3» utufc 30 

&*lftj&>o&. 

[0 0 6 6] [£tt0!f4] B4l4H2©CVD&Bfcft 
KM 3 irffi® b 0 1 m b < £Mfc«© rtS® icfi-g-Eih 

fc'gi««0TS5. H4C*Wri~l 6t4(H2©g 

mtm— ©*>©-?*«>. 

[0 0 6 7] eJ4©#J5£©CVD8B"tr»4, ?SBI©£J& 
*Tco^D-fe^tt||Jfi0d2©«»V»i:l^«t?a&«>. 

[0 0 6 8] [SW«4] «»3Ril«€H7CtU H4K 40 
StCVDgiSIViTPb, Z r*«fctfT i ©v'bf/S 

©fa&SrfT^fc. IMBPb, Z r*«fc#T i ©3?fc!/tD 

fctSSggl 5SffiViTfh7k Kn7 7>Sr5»W»C2ml 
©M#T«»*«1 OfcSEAbfc. uCSAitt- <&<=> 
jfc b J£>^{fSS8* \Z «fc o Till £5118 bT* "b ©T 
£«. SMfc«l 3©»«»4200t:fcRj£U ^'JTtf 50 



4*M¥6 - 3 1 0 4 4 4 
12 

X<hbT«7;U^> ; £fflVi/i:. fiftgg 1 3 ©rtgffilcte 
flUcAU: bTffiSSK^- h U 9 A* £tf TJIr* iJJdfcbT 
7JP5>fithU'>ASl : 1 ©H'&T^fle© 1 5 fig 

Tic, mwivxi HC5ia©«fl:*ffv». coissi 

[0 0 6 9] JfcttOfcfc, W— ©IR»*tt*«yBb, » 

bfco 

[0 0 7 0] IKKM3©ff*v»a:|q«lz. 
lcgB£#fl¥ b TK»*XHJIMf rt-WMUBW *WOt b 
rtffifCtM©ftV>f&fE©CVD&BlZl4K& 
tttt©^#rt«£*Ktt*bTV»fc©lC#U #5893© 

[0 0 7 1] [&K0V5] S6«*%^©CVDg«lC 
fflV»&n*»fc«©-«**3R-rHT?**. «fl3«rtC 

««&*n&j(i»««tt. ftflsr*jms»T?»fl2»©i'i« 
ftf©s^ffijc#*b, ^vi-esMb-r*. £©tt»b 
fctt^j^fllftrr *KCtt»tt^©ttaiS8l©^:# s a*» 
fc^*&^S»HT**C£#»SttTV»*. bfe 
T«ft;«fc ck r> Tift b &ttT©SWt»rtTr ©tt» 

Ttfc«®«© «fc 0 /hS V^^ftSt^KjaAfftOfeSfFVi 

[0 0 7 2] H6K*-r»<b«»4Hl©«IJ«©CVD» 

tttt bfcHfl2bfcK»««©»lftfi:Hfc*'*" J: 5 K 2 tfc 
©^.fb«2 2flJj6»6»ft^|il2Hr5«fc 
|S]oTmisa<iR<fc*«k5fc:3£8M*2 2 fc«koT^ftgg 
rtifiKBOfttt&nTV**. Wf2S!tSS©|SSS<i:ft5J;5 

ttttfflB«flS«2 lfc*fcD, CJUCttBbjWM-*. 

n <tir ioTIMsbfclKttJWK©^** 

[0 0 7 3] tM3 2«C©SMfcS2 1 ©fflM-T^iffil©^® 
< t4Siffc^ U U Aft £©*M»mtt©<kV^3FL#©«« 

X*<»*bVi. 
[0 0 7 4] $Mb»t4*MBAin!t^gt 1 4fcfcjt««««» 

[0075] ft*. %iW&mm<D%{mv>ftm.m*:. n 

««3 K*W-« J:5fta«-E±JW*^tr*"r3- h bT 

[0 0 7 6] [H»W5] m l©CVD£BlC*t?«& 
fl3«*H6 »C»r»flS8K«#^A (fc«b«flS«©rt 
{ffl*®14y7Xv^St(cJ;0 5 1 y<b7Jl'5r:"j7A©-fe7 



13 

±»r|gJ?300nm©S i O,S:^<t;ir«t0^b. 

-e©± cx/t y ? mm [zjzK>mc< mmoonmo & 

>^A&&{b«38f *>S rTiO, £j£HSSb 

fc. ajfgncsK mmmu %k.&<du 

flJSmo&tttlsjbT&S. *.<Sn*:S r T i 0,» 
^ 3 IC^^" 



( 8 ) W6-3 1 0 4 4 4 

14 

[0077] itmrnmrnz] nn&iim-vmnmmis 

3 ICtpT. 
[0 0 7 8] 
[^3] 





lOIs]«r>^i*lc::fctf *&J?te 
(nm) 


lOISJtD^iaKfctt * 

»j -t&m®m (A/cm 2 ) 




54 ± 2 


(7.5 ± 3.5) x 10" 9 


3 


48 ± 5 


8.0 x 10~ 8 *>> 6 x 10 -7 



[0079] missi*« 5 -ctt, mtmt.vx^>u 

[0080] s?;6s#i 5 »c«*trts^bs*s i omm.<D c 
[oo8i] mmw6] @7a*^©cvDgf© 

2IW5J:O5feK01 t^«^©T?*B5bTS>«>) > 0 8 
«0 7 oggKl^ttSMfbgi^-r. 

[0 0 8 2] 0 7^<t^08lr*5ViT«> JO^Pt 1 4 
TriDl»Sn**<b»l 3J-«*g3&CO^fStt^XttJSI1r2 40 
4*tMDbTV^„ ^fgtt^7>HiSie2 4tiira^© 
2 5fci:K.«t-^-tcJ:i3JO^$n^„ fMbSflJCW: 
2ttCDm<fc«2 1 #3:8M£2 2 iCioT^UbSI 

[0 0 8 3] JBRftttttfRftSgi 1 0 
1 UCfcoT^HiPI-fflHSI^^t^oTyXJH 2 \Z 

i£<=>ns. yx;n 2^e.>*ffibT^bbfeip!)sKo^#: 

©^■fe, fi^»c^{bbi*nfc;fro;£fc<Z5«^fbffi2 11: 



tu i»r#»bfeH^^w^x^b*^Str 

-rs. ^-fbbfc®wttjs»^x«jsi^5'stsie»n 
•5. 

[0 0 8 4] TFStt^XtbTliTJPzf^. 'WJ^Afr 
[0 0 8 5] *9fHHiSW©^bgg©rt^B«:, M 

mm 3 ic^it^i ^ 7ss^-iaih»j&-^tr@T=i - h lt 

[0 0 8 6] Sfe. mkfo<Dft*t-rz>ffl<z>£Lffi J $>9a.ib& 
ftmMlzm&m 6 KiEffcbfc J; -5 iz&m&JLfr-S'f&fcM 

[0 0 8 7] [H!&0!I6~8] ftIf2©£5te«£E<E>#f£ 

®J^S^I8T?abSS rT i O, *®MbV^v"?A»« 
±»c^JKb&. ffi%Jl^«i;^fi£)S^«IIJS^I l tB 

7j£l2Torr,2:U ^b«2 1 »cq>C#M^«»^Stt^S 

g14^7><DiDS^taSSr220'Gi:b, JnH^ffl^Sft^T.© 

«es«:o.5, i.o, 2.o[i/min]ir^b$-a-, ^-n^en©* 
bT7;i'3*>^7.*fflVifc. *.e>nfcs rT i aag* 

[0088] ^©gi^ffl^T^.e.nfcii, n» 
mi iz&^x z.*>nttm<z>is& : &&4 izm-r. 

[0 0 8 9] 
[5g4] 



( 9 ) 4$M¥6 - 3 1 0 4 4 4 

15 16 



* * 


[1/min] 




Ife J? 351 J? 
(nm) 


^1$ 


(A/cm 2 ) 


6 


0.5 


a 14 


0.88 


257 


5.1 x 10" 9 


7 


1.0 


a 


0.84 


269 


1.4 x 10-9 


8 


2.0 


a 4$ 


0.85 


266 


6.0 x 10" 9 



ifi2%~7%min?zifi* v-fmm&mii<2z>\zfa± [0094] [«m«9~i n *na©J:3fc*i/*©« 

T5it*WB*nfc. gB«t©**WlC*W-«*Ulfc^ <fc»St81BH7fclB*bfcCVD««KaWiU 
*«SK**T*flH*tttt* 5 E©rcH*&*fr©-Ffc*tt h P A*«fc4M*«f«KTr** S r T i O, 

«fc*»**J*K*frte*V>T, ;to&#*S5t31.0 [1/min] ^frlJ*Ml 

[0090] &*5, '*sa»«ic*v>TadHH»ffl^ett^ #ftw-*^istt/f^**AbTv»*jK-wwi« i t«ft 

>^tn*o»**q«i*Tre*. te^xcDgsg^o.s, i.o. 2.o[i/iin]fc»ts3*s r t 

[0 0 9 1] [g*tt«7] H9ttH7ICijSbfc««*JS iO.KSAfc. fc«U *Stt#*£bT7;P=f># 

*>5!4**»ISOCVD8tt:ffiVi6ft«ftfljBO-lB X£fflV>fc. x.S>nfcS r T i O s lK<Z>8jf«3S*5=ktfe 

*ft*flSIW*;fc«K 3FStt#**3»2 4<Z>BWbbP [0 0 9 5] 35 5 «.6nfcSTT 1 0i«0»ttt 

*VX;H 2©&ffibP:#ffl^V>fc8Si£**bTV>-5 ^^Hr43ViTx.e.nfca^ttt«r^t-. S5d^ 

j:t*^®T?s>^. 0 9©gwtg§£07i::^-rcvDg w&jto&j:3ic*fcm©«fc»*«*.fccvD««fc 

^x-fbsnirn^v^«ottttia^«BSiJDSSi-rsci 2.o[i/Bin]©*fl=©T^«s«b&KK*v»T. 

[0 0 9 2] i©J:5feS6«-ettyX*BiP«fiT*i; m/?* t »<^«'<i:tt3S«^«T-r-&-<t^<k^^*T 

ge^. [0 0 9 6] 

[0 0 9 3] 75t43, t8gSSy£0!!©S<bg§©l*)g®£> * [^5] 



s n 


D/min] 


m m 

(nm) 


(nm) 


^1^ 


(A/cm 2 ) 


9 


0.5 


45 


0.81 


210 


4.1 x 10" 9 


10 


1.0 


45 


0.80 


212 


2.4 x 10~9 


1 1 


2.0 


40 


0.85 


177 


9.2 x 10" 9 



17 

[0 0 9 7] [HI60I8] *58i(DCVDgfilClVi5 
mtm<DMf&<n— M £ l/Tt-f ^ft £*©iJ0$ l J*# i £^ 

[0 0 9 8] 010 JQ&JSMfc^gg 2 6 *<D% 

©^HC5iD^8C2 9icsie»n, m<bs§i 3£iii$rr£. 

[0 0 9 9] mmmm#<Dmz> 28,29 ®*Mttft& 
[0100] cvDic«WHan*K»©**tt, «»* 

[0 10 1] taJRJ«*fcLT»**«m©£T*-OK ft 

a*A/3< *3^->u 3— >*-r;k x^;u->u n->^- 
-r;k 71- ;w>'J3- >:*-r ;i/ft£**$f£bv>. 

[0 10 2] ft*. lMESSll5«©jMl:«©l*JM*» * 
JS0H 3 K*»*J:-5a:«^iajhJW**tHi"Tr3 - H 

[0103] SWfc«l*i«K:M:H 6 fcjjS-raMfc** 

«WT%>J:v». 
[0 10 4] $MbK©ffi*rr*«©*Hfc**# 

[0105] ft*. MGftfttt^Bi 1 »c^-rcrt<, 

£Wt8§ 1 3 ©##*«ktfi&08igj$ 2 9 ©^gB£jS<51ft»8i 
ttSf^5X3 2 TffS £©<fc-5ftg« 

ffiKM**©S^ft£*<tt«b;fc«*VM£feji.a*§g 



(10) #i¥6-3 1 0 4 4 4 

18 

[0 10 6] &Jfi0!|8fcttfflrtS§Ufc;8§«:Bl ©ffifll© C 
VDgMICjgfflbfcfiaiSri&VffcA*. 0 7 ICa^t* J: 5 ft& 

P«l:i**S.TH 2 ©&«© C VD^filcMffi-TS d 

[0 10 7] 12] 010 fcwT«lJ*©«ft:» 

£|yS0U K*W-£>CVDg«K:^?lb. ^>SXh 
D A*ttflS«»«(WRT?** SrTiO, £&{t 

&. S r T i 0,K©tl«**J:CfiK8MUBE1.6 

[0108] [XKfll 3] '2 IZ*tt«ftfl20 

1 1 cjRTi*o«iai*«v»TMi« i 2 twice 

^€^Ay^lK«bfc->U3>S«jttrS r T i Q,fg 

20 K*j*BW**tt**frofc. siEifcwsfcra— ftfttrsaa 

bfc*S*KJP50~60nm©mfl:^*#»fl§ia i A. 6 ftfc. 

e. ttfc»flg©ss«** «t Efisssttm .65v Qiiam<D v 

[0109] ft*. THsafcfcbTjK#*«*e-aTTfc. 
«ft«rtofiK»#*}i!k«*tir±o«jfebfc. hi r© 

»ft»Kl*W-**-f A-«flE*220'C £ bfc«£V>. ^{b 
[0 110] [tfc«gS»0«4] M12fcH-©JSttt*«* 

30 ffl w ge#© c v d mw&m ^xmmm 1 3 1 mmco^ 

ttt?S rT i 0,RSS^Ay^I»tfc-> , j3>S 
[0 111] *6C3El*0ll 2*«fctf 1 3*cktftfc&#l 

et^n 4 k*v*ta. e>*u f tBi©J£***t". 

[0 112] 
[*6] 





m m 

(nm) 


m*mm 

(nm) 




(A/cm 2 ) 


12 


55 


0.81 


256 


2.6 x 10" 9 


13 


50 


0.82 


230 


1.2 x 10"8 


4 


50 


0.90 


210 


2.5 x 10-7 



V>fcCVDSSCJ;D>Le>nfc.S rT i O t 



50 



^tt*<3:ne.©^»c05bT^.e.nfc. ft*fs»&, us* 
0S l 2©SSS^bfctd5^WbSgrtl* , b. n^^x 



( 
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[0 113] &tt$*8imi 3 <D%{tmZ'2^T\Zm.<k® 

t. mxtw \z -z> v^t is xnmm ©& v »c <t & mm v 
ft. 

[0114] [SJS0a9] 01 2«*3e91©CVDge 
[0115] 012 lC*V^T«^{b8§ 1 3 (Dftgm 1 7 

{tL>ttmnmi&<D?%> w.-ziznitv&frifzi&mztiii 

[0 116] fr43, JI^#*8!ii£1f 5©l&tftt&@te<t 
<lC&^£n5fc©-t?tefcV>*<. H 1 2 Kw"*-J: 5 fc* 

{fc#)*#i:<$?£bV>. t^l01 2©gtf£IC[Sg5££n 
•g>fc©-CtefcV>. 

[0117] si 2\z^xmt^<D^-mmmmm^m 

[0 118] £tfbSg#«<z>^e#tt#fc-5v>fcr;fe 

[0 119] fc*5, *&e*Jfi«©£Mb»©rtS£®*» * 
mm 3 iiJMI'&BjhJW^tHiTa- h bt 

[0 12 0] SHfc»rt«lCttH 6 ic»r»fls«* 

[0 12 1] Sfc, jM&KOffifcrrsW©*®^** 

[0122] 2U60« 9 fctt«HE$Mfc»SH 1 ®ffi«®C 

BP«l:i**>ATH20««OCVD8BCa«t6 

[0 12 3] [m«10] Bl 3B*I8KCCVDS 
«KJBV»*»ffc»©*lM9 5 Kia*b&«fl2«©te©tB 
«S:^-r0-C$.^. SMfcSl 3©I*|M®1 7lC«rtSCb 

-^—3 6SWt*«ft«2 1**, ,/x;w*>&*fflbfc 

C5MHB1 3C5iC*'MSlfroT*m/TViT. Sift* 1 

2ir«ko«<b^i 3+caujsn, ^act-^-3 6^ 

an*. Lfc*bT, rt«t-^-3 6©»»io** 
sfi*B»©ftfl:*j:i;sMb«rt«©fl!»©lo«»rfflv^n 



11 ) 4#M¥6 - 3 1 0 4 4 4 

20 

[0 12 4] IMa««©flMb«©l*I«ffi*. #1 

[0 12 5] 3tt*WE«BOrt*lB**lfi«9 (01 
0) Kf2mUfc«fc3&HfiSfcOfc©<bf 5d£"b*»* 

[0 12 6] 013 K*V»TSMfc»©*MMinJlft*R*H 

10 ^— SffifflbTfe. £fc0i 0K^\k5fti]Da&i&#© 

[0 12 7] Sfc. SMb»©rt«g*J:tf (*fctt) ^ft; 

[0128] nmm 1 o ic«Misg.ft;gi*0 1 ©&«© 

CVDK«lcaffll/fc«**»ffc36«. 0 7©S8*§©gg 
**ATH2 ©&«© C V D CI fc %>'rT« 
20 [0 12 9] [H1SCT11] ai4IJ*?6WOCVD8 
5, 1 2«HI§0!I 1 <tra— ©%>©T?*£>. SMb 

§§i 3©aaMictt7w;u^— 4 2*<ia:ite>nTv^. 

DE7-f ;U^-4 2te|?tfb§§l 3rtT?«flsSn3&:*»ofcii 

#©«»*«*«*.» s^^7.ifiSii : 5^sie.n-5©sr 

[0 13 0] WR.-? 41^*— 4 2 0»»tlTH^y> 

30 gtT5©WSbK 

[0 13 1] /X;H 2jS»6«mbfcK»»ttttlIft:L/ 

SMbsn*a«, jt6n*ui©^—tt-wttKiaBag»*&- 
»rr«ft;an3!t*»o>t»«-^7-f 4 2-rrjiasn 
* *s*> kj&pa \z \t m icant u fciic** © 
&n. ^©jgmitiwso^iisflp^^-c**. 

[0 13 2] £4301 4IC*l?«JKffia©An**lkM 

9©ri<Q3a*ia:^T't>«fcv». 

[0 13 3] 01 4ic;fev>T&fb»©*1-IS;tn]8&#a&0 
40 ^-Sttffll/T*), *ftBl 0tC^t%k-5&il)8&«W*:© 

[0134] mesdiB«i©SMb»©rtfl[®*» * 

[0 13 5] SMb«©rtffi£*tt01 1 OOrif 

3fcjftfSWb«*KttT'bJ:<, (*3S*3J:iX (Sfctt) 

50 [0136] 1 1 {C«ttJI2^{bgg«:0 1 ©&#© 



( 12 ) 



21 



[0137] mi 4<D%^tm\Z^X. §Wbg§l 

3©fiD8&^a£0l lK*TJ:5fc*^JMni8a#3S;2:b 

[0 13 8] ^bgg<D^K!Ctti:<lcS!lRl«^V^ « 

eg<Dj:vM*&*W£b</fi^?>n&. s^j&w^^ffl 

**M*Jl#*fcl4S 1 C. BeO, AINftt'Oifi 
*1£ © «fc V»«»T?fP 6 ftfc-fe 5 5 y ^ ^ffcTteS b T 

[0139] ■ti.jd&nmm-vtem i e>&n&&.<Dii$>^ 

fr£PjPSinc&AT0 2<Z>g«$j£©^b3§<hbT<£;H 

[0 14 0] Sfc, flMb«rt*l=ttH7K*-r«ft«* 

[0 14 1] [MOTl 2] *f8i©CVDgflCff 
Sn«.^bS§tbX, 01 SKjrt-f ^:£:< J e-<E>rtM®»:: 
*®x*;^*-a*^£<^ *o»«Ht©S!V»*micJ:** 

?gffl ©*m £ LT«& t fcliififft*? 1 :? n > £ Ut» 6 

mzyymmmizmtzii<Dmfcm&<DJ:^'&m&2 o~ 
4 0 #**%;Mg£-r5 $ e- ic^btea^-t-r-s. 
[0142] 015 -mgwbss 1 3 V>mt&¥&£. ITU 

IBM 8 KfSSJbfc «k 5 tean^-f ;HC J;-5*fe=£^ bT 



^H^PS - 3 1 0 4 4 4 
22 

[0 14 3] *5IB^a$nfertgS«rfe^^.<bSS-e«rt 
[0 14 4] U&ftmmitf$tf;<Dm'ft®1&<Of5.<t&ffi& 

{b«*tt)oitT'b«k<, 2ntmmm9\z?im.Lit£? 
[0145] s^c, mmn.<tmt. 01. 2^«k^7© 

[0 14 6] 4~1 7] 1 ©CVDg 

SlCgUbSitbT, IM1 4T?ttHIS0»l9 KlH@bfc 

rtawBKKiflifctf-rsswfcs (012. fc^bimg*^ 

HJgfcll OlCfBebfe^SBt-^-SrWr^^bS^ii 

^.fc^bsg (01 3, fcfc*b, ^a5d^©m^s«n 
kwi 4t^D<si*^t- ?—-cimm *fflvi, ^ 

1 1 1 KB*©, ^{bSitJUsi-tf;*.^ 

lft©KtC7^M- (014) £fflV> 

[0 14 7] tbTH0.5tfm»O^^y 

ft. tszizmmm 1 7 Trtt«fc»ort«*7 v*#ire 

[0 14 8] WI3CVD^g>&fflViMi|s|-ibT^^>t 

X/1^^^»bfc->U3>*««ltS rT i CSrfiSJgl 
bfc. 

[0149] *mosiftfrtt**«5tra— tr**. 
x^iHi^ficiOiSffittSr^b. sf«^«tz^ii:8S^m 

1. 65 VB?Wm<D U — :?ttdit&S£8!l/£ bfc. 
[0150] #l&0d 1 4 ~ 1 7 *5«fctf I5IB||J6#I 8 

mm 4 -e fL t>nizMm\z-o i^t *> x^iHiSf K:«fc 5*SIH£ 

^^■frfill^bfc. 
[0 15 1] 
[5g7] 







(nm) 


(nm) 




(A/cm 2 ) 


14 


a 


55 


0.86 


240 


1.1 x 10" 8 


15 


a 14 


54 


0.89 


230 


1.1 x 10-8 


16 


a 14 


50 


0.82 


230 


1.2 x 10~ 8 


17 


a 14 


60 


0.92 


245 


1.0 x 10-8 


4 


a 44 


50 


0.90 


210 


2.5 x 10-7 



( 
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1/1 0WTK'h£<WA.& -tn 

senna tm-v>ffl&3k#-cmwti'T i oie]©f£B££#i 

©gB lc =k -SfigteitSSm^fc & lc 'J - * ttSE&g <h 

[0152] mmt. gss»«bTfi^srt^iisi« 
£&#©££&&£«<!: a, t*§g#-f, ;i^-K:tt 

&#©£j£^#»ffi£nTV>.5©£§2&fc. — tfc« 

[0153] humi 8] MMTl l*S«fctfl 2<0% 

fls»©»*fts&K*B"r*fc»fc. &itvft mmz 
[0154] mmmT&nmm 1 1 ©gMfc#T?a:«fl:« 
[0155] £.rznmmi 2<z>fs&.&-<:\*mc&ft\z'X> 

#§©#»*3€:§8a&fc. 
[0 15 6] 

[»9I©8&*] *5E«OCVDSf*ffll/>5i, 

[0 15 7] ifc, *%^(DCVDS@{C*5ViT, «flS 

[0 15 8] *&, *»9i©CVDS8filC*Vvr. Hft 

[0 15 9] Sfc, *56^©CVDSfiJ"^V»T, tdlS 
tt**Hfi©«<lS»*fflV»Si:> W»*K* t »{bb^»-r< 



13) 4^W¥6-3 1 0 4 44 

24 

[0 16 0] *fc, *%^©CVD^S»r^V^T, 
Wt, StftSirtT©^* 1 ^— IC*!1 0^— S«©JH 
[0 16 1] WEK»««F«j»caMB*nfclSl»» 

[0 16 2] *»Ji©CVD£BK:*V*T. WIS 

io jMbnortaw*, »»»«©a-&€i»±-r*«»*'&w 
n> tt«©j:v»»gt*«^.6n*. 

[0 16 3] *»Ji©CVD£fifcJfeV»T. I*K 

Hfltt©®*^j£b"CV>-5£Ufc8&&JHV>££, ^. 

[0 16 4] **l©CVDSIIt*V»T. JSffl 

©JlDf»SBtcJ»^< J^MSrr 5 £ t K«fco TUl!lt Sft 
20 <t»SJBV»*t, «S-*fi***fX*»*J«r«©T?tt(IB©' 

[0 16 5] *»W©CVD»IHC*V»T, MG 

^{b^*^43«k^Jn^©^gl5 ; &S^7i^«r«^bfe 

[0 16 6] *fg^©CV'D^fifc*ViT» StTfS 

»fl;»tlltllB«»3!fX»ia*i:©IBHc«B?L*«-r*7 
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